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(57) ABSTRACT

The purpose of the mvention 1s to eliminate an abnormal
current at an edge of a semiconductor layer 1n a thin film
transistor. The invention 1s: A thin film transistor having a
semiconductor layer comprising: a channel, a drain and a
source are formed 1n the semiconductor layer, the channel
has a channel length and a channel width, a LDD (Light
Doped Drain) 1s formed between the channel and the drain
or between the channel and the source, the LDD including
a first LDD area, which 1s formed at a center of the LDD in
the direction of the channel width, and a second LLDD area,
which 1s formed at an edge of the LDD 1n the direction of
the channel width, wherein a width of the second LDD area
in the channel length direction i1s bigger than a width of the
first LDD area 1n the channel length direction.

13 Claims, 14 Drawing Sheets
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THIN FILM TRANSISTOR AND DISPLAY
DEVICE USING THE SAME

CLAIM OF PRIORITY

The present application claims priority from Japanese
Patent Application JP 2016-237575 filed on Dec. 7, 2016,
the content of which 1s hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present mvention relates to display devices like a
liquid crystal display device or an organic EL display device
that use thin film transistors.

(2) Description of the Related Art

A liquid crystal display device has a Thin Film Transistor
(herein after TFT) 1n each of the pixels to control taking data
in the pixel. Sometimes a driving circuit 1s formed by TFTs.

An organmic EL display device has a first TFT as a
switching element to control taking data 1n the pixel, and a
second TFT that controls a current to the light emitting
clement. Sometimes a driving circuit 1s formed by TFTs.

Therefore, current-voltage characteristics of the TFTs
have a significant influence to characteristics of the liquid
crystal display device and the organic EL display device. In
TFT, a current 1n the drain or in the source 1s controlled by
a voltage Vgs between the gate electrode and the source
clectrode. By the way, the drain and the source interchange
periodically in the TFT, thus, the terms of the source and the
drain may be interchangeably used in this specification
except specifically noted.

The TFT controls the source-drain current Ids by control-
ling a current at the channel that 1s formed under the gate
clectrode; however, an electric field at the edge of the
channel 1n a plan view tends to be irregular, consequently,
the current that flow edge of the channel makes the Ids
characteristics irregular.

Patent document 1 (Japanese patent laid open 2000-
101084) discloses to suppress a current at the edge of the
channel of the TFT by making a resistance at the edge of the
channel large, thus, to prevent the Ids characteristics from
being irregular.

SUMMARY OF THE INVENTION

The structure of the patent document 1 1s to suppress a
current at the edge of the channel of the TF'T by making a
resistance at the edge of the channel large, thus, to prevent
the Ids characteristics from being irregular; this structure,
however, needs to process the channel, consequently, this
process has a possibility to make the characteristics of the
TFT unstable. In addition, this structure makes a width of the
channel narrow, consequently, ON current of the TFT 1s
suppressed.

The purpose of the present mnvention 1s to avoid an
irregularity 1n Ids characteristics of the TFT without induc-
ing 1nstability 1n characteristics of the TFT; thus, to maintain
a linearity of brightness characteristics and linearity of color
to achieve a high quality images 1n the display device,

The present invention solves the above problem; the
concrete measures are as follows:

(1) A thin film transistor having a semiconductor layer, a
gate 1nsulating film and a gate electrode comprising: a
channel, a drain and a source are formed in the semicon-
ductor layer, the channel has a channel length and a channel
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width, a LDD (Light Doped Drain) 1s formed between the
channel and the drain or between the channel and the source,
the LDD including a first LDD area, which 1s formed at a
center of the LLDD 1n the direction of the channel width, and
a second LDD area, which 1s formed at an edge of the LDD
in the direction of the channel width, wherein a width of the
second LDD area in the channel length direction 1s bigger
than a width of the first LDD area in the channel length
direction.

(2) The thin film transistor according to (1), wherein the
width of the second LDD area 1n the channel length direction
1s two times or more of the width of the first LDD area 1n the
channel length direction.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view of the liquid crystal display device
that the present invention 1s applied;

FIG. 2 1s a plan view of the TF'T that the present invention
1s not adopted;

FIG. 3 1s a cross sectional view that shows high density
doping n+ area 1s being formed by 1on 1mplantation;

FIG. 4 1s a cross sectional view that the 1on 1implantation
has been applied;

FIG. § 1s a graph shows the problem of the TFT that the
present 1nvention 1s not adopted;

FIG. 6 1s a plan view of the TFT according to the present
imnvention;

FIG. 7 1s cross sectional view along the line B-B of FIG.
6.

FIG. 8 1s cross sectional view along the line C-C of FIG.
6.

FIG. 9 1s a graph that shows characteristics of the TFT
according to the present ivention;

FIG. 10 1s a plan view that the gate electrode G 1s formed
on the semiconductor layer sandwiching the gate insulating
film;

FIG. 11 1s a plan view that the resist mask RM 1s formed
on the gate electrode G and the semiconductor layer to form
the LDD:;

FIG. 12 1s cross sectional view along the line D-D of FIG.
11 where 10on 1mplantation 1s applied to form the n+ area;

FIG. 13 1s cross sectional view along the line D-D of FIG.
11 where 10on 1mplantation 1s applied to form the n- area;

FIG. 14 1s a plan view of the completed structure of the
TFT according to the present invention;

FIG. 135 1s cross sectional view along the line D-D of FIG.
14;

FIG. 16 1s a plan view that shows another process to form
the structure of the TF'T according to the present invention;

FIG. 17 1s a plan view of the pixel of the liquid crystal
display device where the TFT of the present invention 1s
applied;

FIG. 18 1s a cross sectional view along the line D-D of
FIG. 17; and

FIG. 19 1s an equivalent circuit of the pixels of the organic
EL display device.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

At the outset, the present invention 1s explained when 1t
1s applied to the liquid crystal display device. FIG. 1 1s a plan
view of a liquid crystal display device, which 1s used 1n e.g.
a cellar phone. In FIG. 1, the TF'T substrate 100, where the
scanning lines 10 and the video signal lines 20 are formed,
and the counter substrate 200, where the black matrix 1s
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formed, adhere to each other via the seal material 40. The
liquad crystal layer 1s sandwiched between the TFT substrate
100 and the counter substrate 200.

The TFT substrate 100 1s formed larger than the counter
substrate 200; the portion where the TFT substrate and the
counter substrate doesn’t overlap 1s the terminal area. The
driver IC 50 that drives the liquid crystal display device 1s
installed 1n the terminal area. The flexible wiring substrate
60 1s connected to the terminal area to supply powers and
signals to the liquid crystal display device.

In FIG. 1, the scanning lines 10 extend 1n lateral direction
and arranged 1n longitudinal direction; the video signal lines
20 extend 1n longitudinal direction and arranged 1n lateral
direction. The pixel 30 1s formed 1n an area surrounded by
the scanning lines 10 and the video signal lines 20. In the
pixel, the TFT to control importing video signal data and the
storage capacitance SC to hold the imported data for one
frame period are formed. One terminal of the storage capaci-
tance SC 1s connected to the TF'T and another terminal of the
storage capacitance SC 1s connected to the common line VC.

FIG. 2 1s a plan view of the TFT when the present
invention 1s not adopted. In FIG. 2, the semiconductor layer
103 of LIPS (Low Temperature Poly Silicon) 1s formed, and
the gate msulating film 1s formed on 1t. The gate electrode G
1s formed on the gate insulating film. The 1on implantation
1s applied using the gate electrode G as a mask to dope e.g.
phosphors (P) to form the n+ area for the drain area D and
the source area S 1n the semiconductor layer 103. The drain
clectrode DD, which 1s formed by metal or alloy, 1s con-
nected to the drain area and the source electrode, which 1s
formed by metal or alloy, 1s connected to the source area.

Since 10ns don’t penetrate into the portion under the gate
clectrode G, this portion of the semiconductor layer 103
becomes the channel. When the TF'T works, a high field 1s
formed between the channel and the drain area D or between
the channel and the source area S, thus, a break down by hot
carriers (electrons) tends to occur. To avoid this phenom-
enon, the LDD (Light Doped Drain) 1s formed between the
channel and the drain area D and between the channel and
the source area S. The LDD 1s an area of n—, which e.g.
phosphors (P) are doped less than in the area of drain area
D or source area S.

FIG. 3 1s cross sectional view that shows highly doped
area n+ 1s being formed by 10n implantation. In FIG. 3, the
first undercoat 101 and the second undercoat 102 are formed
on the glass substrate 100; the semiconductor layer 103 is
formed on the second undercoat 102. In FIG. 3, the semi-
conductor layer 103 i1s covered by the gate nsulating film
104, however, there 1s no mask against the 10n implantation;
thus, this area becomes highly doped area n+. FIG. 4 15 a
cross sectional view that the 1on implantation 1s completed,
which the drain area D and the source area S are formed by
highly doped area of n+.

FIG. 5 shows the problem of the TF'T that was formed by
the above described process. In FIG. 5, the abscissa 1s
voltage Vgs that 1s a voltage between the gate electrode and
the source electrode, while the ordinate 1s drain current Ids.
In FIG. 5, the dotted curve 1s a designed characteristic of the
TFT. The relation between brightness and video signal 1s
designed according to the dotted line in FIG. 5. The TFT,
which 1s shown by e.g. FIG. 2, however, has a portion as
shown by the solid curve where the current abnormally
increases at the low voltage area (herein after this area is
called Hump). The reason of the Hump 1 FIG. 5 1s that
abnormal field 1s generated at the edge of the LDD of FIG.
2, thus, a current as shown by arrows 1n FIG. 2 1s formed at
the edge of the channel.
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The Hump makes the characteristics of voltage-current
relation deviate from the originally designed characteristics
of the TFT. The purpose of the present invention is to
climinate the Hump, and thus, realizes a display device that
has superior reproductions of images. The invention 1s
explained by the embodiments below 1n detail.

First Embodiment

FIG. 6 1s a plan view of the TFT according to the present
invention. The structure of the semiconductor layer 103, the
gate electrode G, the source area S, the drain area D, the
source electrode SS and the drain electrode DD 1s the same
as explained in FIG. 2. The channel 1s formed under the gate

clectrode G the channel has a channel length and a channel
width. FIG. 6 ditfers from FIG. 2 1n the structure of the LDD.

In FIG. 6, the width x2 of the LDD in the channel length
direction at the edge of the semiconductor layer 103 1is
bigger than the width x1 of the LDD in the channel length
direction at the center of the semiconductor layer 103. The
structure of FIG. 6 can suppress the influence of an abnormal
ficld at the edge of the semiconductor layer 103 to the
channel of the semiconductor layer 103, thus, the abnormal
current can be suppressed.

In FIG. 6, the width x1 of the LDD at the center of the
semiconductor layer 103 1s e.g. 0.5 um to 1.5 um. The width
x2 of the LDD at a vicinity to the edge of the semiconductor
layer 103 1s two times or more, preferably, three times or
more of the width x1. The width x2 1n FIG. 6 can extend up
to the source electrode SS or the drain electrode DD. The
reason 1s that most current from the source electrode SS or
from the drain electrode DD flow 1n the source area S or 1n
the drain area D; thus, the width x2 of the LDD actually
doesn’t influence to ON current of the TFT.

Provided the width of the semiconductor layer in the
channel width direction 1s w, the width y1 of LDD 1n the
direction of the channel width at the edge of the semicon-
ductor layer 103 1s preferably w/4 or less. If y1 1s too big,
ON current of the TFT 1s restricted. On the other hand, y1
1s preferably bigger than x1.

In FIG. 6, assuming that the center portion of the LDD 1n
the channel width direction 1s a first LDD area and the edge
portion of the LDD in the channel width direction 1s a
second LDD area, x1 1s defined by a value at the center 1n
the direction of the channel width direction of the first LDD
area, X2 1s defined by a value at the center in the direction
ol the channel width direction of the second LDD area. The
value y1 1s defined by a value at the center of the second
L.DD area in the channel length direction.

FIG. 7 1s cross sectional view along the line B-B of FIG.
6. In FIG. 7, the semiconductor layer 103 1s formed on the
undercoat 102; the gate insulating film 104 and the gate
clectrode G are formed in this order on the semiconductor
layer 103. The channel 1s formed under the gate electrode G,
the LDD 1s formed at the both sides of the channel, and the
source area S and the drain area D are formed at the outside
of the LDD. The width of the LDD in FIG. 7 1s x1. FIG. 8
1s cross sectional view along the line C-C of FIG. 6. The
structure of FIG. 8 1s the same as explained 1n FIG. 7 except
width x2 of the LDD. The width x2 of the LDD 1n FIG. 8
1s bigger than the width x2 of the LDD 1in FIG. 7.

FIG. 9 1s a characteristic of the TFT according to the
present invention. In FIG. 9, the abscissa 1s voltage Vgs that
1s a voltage between the gate electrode and the source
electrode, while the ordinate 1s drain current Ids. In FIG. 9,
the solid line 1s a characteristic of Vgs-Ids of the TFT
according to the present invention. In the present invention,
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the Hump that 1s shown by dotted line in FIG. 9, 1s
climinated; thus, the TFT reveals an original characteristic.
Theretfore, a display device that uses this TFT has a good
reproduction of 1mages.

FIGS. 10-15 are interim structures in the process to realize
the structure of the TFT 1n FIG. 6. FIG. 10 1s a plan view that
the gate electrode G 1s formed on the semiconductor layer
103 sandwiching the gate insulating film. FIG. 11 1s a plan
view that the resist mask RM 1s formed on the gate electrode
G and the semiconductor layer 103 to form the LDD. By the
way, 1n FIG. 11, for easy perception, each of the upper edge
and the lower edge of the resist mask RM coincides with
cach of the upper edge and the lower edge of the semicon-
ductor layer 103; however, the resist mask RM can be
formed beyond the upper edge or the lower edge of the
semiconductor layer.

FI1G. 12 1s cross sectional view along D-D line of FIG. 11,
which shows that the n+ area i1s being formed in the source

area S 1n the semiconductor layer 103 by 10on implantation.
In FIG. 12, the first undercoat 101 and the second under coat
102 are formed on the glass substrate 100; the semiconduc-
tor layer 103 1s formed on the second undercoat 102. The
gate insulating film 104 1s formed on the semiconductor
layer 103, and the resist mask RM 1s formed on the gate
insulating film 104.

In this state, for example, phosphors (P) are doped i the
semiconductor layer 103 by 1on implantation II to form the
source area S or the drain area D. In the 10n implantation II,
energy of 1ons 1s controlled as that the 10ons can go through
the gate msulating film 104, however, the 1ons cannot go
through the resist mask RM; Consequently, the area covered
by the resist mask RM 1s not doped by 10ns.

Alfter that, the resist mask 1s removed, then, as shown 1n
FIG. 13, the 1on implantation II of low density 1s applied to
form the n- area at the areca where the resist mask is
removed, thus, the LDD 1s formed. FIG. 14 i1s a plan view
of the LDD area formed as explained above. FIG. 15 1s cross
sectional view along E-E line of FIG. 14. In FIG. 15, the n-
area 1s formed at the both sides of the n+ area.

The process shown 1n FIGS. 10-15 1s only an example;
other processes are applicable. For example, as shown 1n
FIG. 16, the gate mask GM 1s formed to cover the LDD area;
the high density ion implantation 1s applied to form the
source area S and the drain area D. After that the gate mask
GM 1s etched to form the gate electrode G as depicted by the
dotted line of FIG. 16; at this stage, low density 1on
implantation II 1s applied to form the LDD of n-.

The LDD area, which was made by the above process, can
be checked as that: (1) Checking the color of the semicon-
ductor layer: the amount of 1on doping in the LDD 1s
different from other part of the semiconductor layer. The
color of the semiconductor becomes different according to
the amount of doped 10ns. Thus, the change of color can be
observed to check whether the present invention 1s applied
or not. (2) Checking the etching rate: the etching rate of the
LDD becomes different because the damage to the LDD 1s
different according to the amount of the doped 10n; thus,
observing the difference of etching rate by etching tho
semiconductor layer with e.g. hydroﬂuoric acid to check
whether the present mvention 1s applied or not. In other
words, 11 the etching rates are diflerent, a step at the border
of the n+ area and the n— area 1s formed. (3) Checking the
amount of 1ons: the diflerence of the amount of 10ns can be
directly checked by e.g. a mass spectroscopy as SIMS
(Secondary Ion Mass Spectrometry) or by e.g. an element
analysis as EDX (Energy Dispersive X-ray Spectrometry).
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(4) Checking the amount of unpaired electrons: the amount
of unpaired electrons in the LDD becomes different because
the damage by the 1on doping 1n the LDD 1s different from
other portions of the semiconductor layer. Thus, difference
can be checked by observing the resonance signal strength
of electron spins by ESR (Electron pin resonance).

FIG. 17 1s a plan view of the pixel including the TFT
according to the present invention formed by the above
process 1n the liquid crystal display device. In FIG. 17, the
scanning lines 10 extend 1n lateral direction and arranged 1n
longitudinal direction. The video signal lines 20 extend 1n
longitudinal direction and arranged in lateral direction. The
pixel electrode 112 1s formed 1n the area surrounded by the
scanning lines 10 and the video signal lines 20. The pixel
clectrode 112 1n FIG. 17 1s one stripe shaped, however, when
the pixel becomes larger, the pixel electrode can be an
clectrode having plural combs.

In FIG. 17, the semiconductor layer of the L'TPS, which
constitutes the TFT, 1s formed. The semiconductor layer 103
1s formed on the lower layer than the scanning line 10. The
semiconductor layer 103 connects with the video signal line
20 through the through hole 140, and extends along and
under the video signal line 20 1n longitudinal direction. The
semiconductor layer bends twice to connect with the pixel
clectrode 112. The TFT 1s formed when the semiconductor
layer 103 crosses under the scanning line 10, namely, the
scanning line 10 works as a gate electrode. In FIG. 17, two
TFTs are formed, which 1s called a double gate structure. In
FIG. 17, the LDDs of the present invention are formed
sandwiching the scanning line 10 1n a plan view; thus, Hump
in the TFT characteristics 1s suppressed and ON-OFF char-
acteristics of the TF'T can be precisely controlled.

In FIG. 17, the semiconductor layer 103 connects with the
contact electrode 107 through the through hole 120; the
contact electrode 107 connects with the pixel electrode 112
through the through hole 130. When the TFT 1s ON, the data
signal 1s imported 1n the pixel electrode 112, and the video
signal 1s held 1n the storage capacitance SC

FIG. 18 1s cross sectional view along F-F line in FIG. 17.
In FIG. 18, only one TFT 1s described. In FIG. 18, the first
undercoat formed by silicon oxide S10 and the second
undercoat 102 formed by silicon nitride Si1N are formed by
CVD (Chemical Vapor Deposition) on the glass substrate
100. The first undercoat 101 and the second undercoat 102
prevent the semiconductor layer 103 from being contami-
nated by impurities from the glass substrate 100.

The semiconductor layer 103 1s formed on the second
undercoat 102. The semiconductor 103 1s made as that:
amorphous silicon film a-S1 1s formed on the second under-
coat 102 by CVD; the amorphous silicon film a-S1 1is
transiformed to poly-silicon film by applying excimer laser;
the poly-silicon layer 1s patterned by lithography.

The gate insulating film 104 1s formed on the semicon-
ductor layer 103. The gate insulating film 104 1s formed by
S10 using TEOS (Tetraethyl orthosilicate) as material. The
gate 1nsulating film 104 1s also formed by CVD. The gate
clectrode 105 1s formed on the gate msulating film 104. The
scanning line 10 1n FIG. 2 works as the gate electrode 105.
The gate electrode 105 1s formed by e.g. MoW film. If the
resistance of the scanning line 10 or gate electrode 1035 must
be low, Al alloy 1s used.

The gate electrode 1s patterned by photolithography. After
formation of the gate electrode 105, the resist mask for 1on
implantation to form LDD i1s formed. After that the source
S or the drain D of n+ areas are formed by doping high
density of impurity as e.g. phosphors (P) by 1on implanta-
tion. After that, the resist make i1s removed and the n— area
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of LDD 1s formed by doping low density of impurity as e.g.
phosphors (P) by 1on implantation. This process 1s already
explained 1n FIGS. 10-15.

After that, the first interlayer insulating film 106 1s formed
by S10 covering the gate electrode 105. The first interlayer
insulating film 106 1s to 1nsulate between the gate electrode
105 (or scanning line 10) and the contact electrode 107. The
through hole 120 1s formed 1n the interlayer msulating film
105 and the gate msulating film 104 to connect the source S
of the semiconductor layer 103 and the contact electrode
107. The photolithography for the through hole 120 1n the
interlayer mnsulating film 106 and 1n the gate insulating film
104 1s commonly applied to the two layers.

The contact electrode 107 1s formed on the interlayer
insulating film 106. The contact electrode 107 connects with
the pixel electrode 112 through the through hole 130. The
drain D of the TFT connects with the video signal line 20
through the through hole 140 in FIG. 17.

The contact electrode 107 and the video signal line 20 are
formed on the same layer and formed simultaneously. The
contact electrode 107 and the video signal line 20 (herein
alter they are represented by the contact electrode) formed
by e.g. AlS1 alloy to decrease the electric resistance. The
AlS1 alloy has problems as generating hillocks or defusing
of Al 1n other layers, thus, the AlS1 1s sandwiched by a
barrier layer and a cap layer, both are formed by e.g. MoW.

The iorganic passivation film (insulating film) 108 1s
tformed covering the contact electrode 107 to protect the
entire TFT. The norganic passivation film 1s formed by
CVD, the same process as the first undercoat 101. The
organic passivation film 109 1s formed covering the inor-
ganic passivation film 108. The organic Passivation film 109
1s formed by photo sensitive acrylic. The organic passivation
film 109 can be formed not only by acrylic but also by
s1licone resin, epoxy resin, polyimide resin, etc. The organic
passivation {ilm 109 i1s made thick since 1t has a role of a
flattening film. Thickness of the organic passivation film 109
1s 1-4 um, and often 1t 1s approximately 2 um.

The through hole 130 1s formed in the organic passivation
f1lm 109 to connect the pixel electrode 110 and the contact
clectrode 107. Photo sensitive material 1s used for the
organic passivation {ilm 109. The photo sensitive material 1s
coated on the morganic passivation film 108, then the photo
sensitive material 1s exposed using a mask; the exposed area
of the photo sensitive material dissolves 1n certain devel-
oper. Therefore, forming ol photo resist 1s eliminated by
using the photo sensitive material. After the through hole
130 1s formed in the organic passivation film 109, the
organic passivation film 109 is baked at approximately 230
centigrade, thus, the organic passivation film 109 1s com-
pleted.

After that, ITO (Indium Tin Oxide) 1s formed by sputter-
ing on the organic passivation film 109 to form the common
clectrode 110; the I'TO 1s eliminated from the through hole
130 and 1ts surroundings. The common electrode 110 can be
formed 1n common 1n plural pixels. After that, SiN 1s formed
on entire area to form the second interlayer insulating film
111. Subsequently, the through hole 1s formed 1n the second
interlayer msulating film 111 and the morganic passivation
film 108 at the 1nside of the through hole 130.

After that, I'TO 1s formed by sputtering and 1s patterned to
form the pixel electrode 112. An example of the plan view
of the pixel electrode 112 1s described 1n FIG. 17. Material
of the alignment layer 1s formed on the pixel electrode 112
by flexographic printing or by inkjet; subsequently, the
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material 1s baked to form the alignment film. A rubbing
method or a photo alignment method using UV light 1s used
for the alignment process.

When a voltage 1s applied between the pixel electrode 112
and the common electrode 110, a line of force shown 1n FIG.
18 1s generated. The line of force rotates the liquid crystal
molecules 301 to control the transmittance of light in
individual pixels, thus, 1mages are formed.

In FIG. 18, the counter substrate 1s set opposing to the
TFT substrate 100 sandwiching the liquid crystal layer 300.
Color filters 201 are formed 1nside of the counter substrate
200. Either one of red color filter, green color filter or blue
color filer 1s formed 1n each of the pixels, thus, color images
are produced. The black matrix 201 1s formed between the
color filters to raise the contrast of the images. The black
matrix also has a role of a light shielding film for the TFT,
thus, a photo current in TF'T 1s suppressed.

The overcoat film 203 1s formed to cover the color filters
201 and the black matrix 202. Since the surface of the layer
of the color filters 201 and the black matrix 202 1s rough, the
overcoat film has a role to make the surface smooth. The
alignment layer 113 1s formed on the overcoat film 203 to
determine the 1nmitial alignment of the liquid crystal mol-
ecules 301. A rubbing method or a photo alignment method
1s used for the alignment process of the alignment film 113,
which 1s the same as explained at the alignment film on the
TFT substrate 100.

The above explained structure 1s an example. In some
products, the inorganic passivation film 108 on the TFT
substrate may not exist. Manufacturing process of the
through hole 130 may be different according to the products.

FIG. 19 1s an equivalent circuit that shows the structure of
the pixel area of the organic EL display device as an example
of other display devices. In FIG. 19, the pixel 1s formed 1n
the area that 1s surrounded by the scanning lines, the earth
lines 11, the video signal lines 20 and power lines 21. In the
pixel, the organic (EL) element EL constituted by the
organic EL layer and the driving TFT (12), which drives the
organic EL. element (EL), are connected in series. The
storage capacitance CS 1s formed between the gate and the
drain of the driving TFT (T2). The current 1s supplied to the

organic EL element (EL) from the driving TFT (12) accord-
ing to the voltage of the storage capacitance SC.

In FIG. 19, the gate of the selecting TFT (T1) 1s connected
to the scanning line 10; open or close of the selecting TFT
(T1) 1s determined by ON or OFF signal 1n the scanning line
10. When the selecting TFT ('11) 1s ON, the video signals are
retrieved 1n the pixel electrode and charges are stored 1n the
storage capacitance CS. The driving TFT (1T2) 1s driven by
the potential of the storage capacitance and current i1s

supplied to the organic EL element (EL).
In the structure of FIG. 19, the first TFT, which 1s a

switching TFT, and the second TFT1, which drives the
organic EL element, are formed. By the way, the first TFT
can be a double gate TFT. As described above, 1n the organic
EL display device, too, TFTs are used. In those TFTs, 1f the
Hump occurs, images on the screen are deteriorated. Thus,
high quality display can be realized by adopting TFTs
according to the present mvention.

The dniving circuit can be formed by TFTs and can be
built 1 the display substrate 1 both of the liquid crystal
display device and the organic EL display device. A display
device having stable driving characteristics can be realized
by adopting TF'Ts of the present invention in the driving
circuit.
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In the above examples, the semiconductor layers are
formed by LIPS, however, normal Poly-S1 can also be
applicable to the semiconductor layer 1n the present mnven-
tion.

What 1s claimed 1s:
1. A thin film transistor having a semiconductor layer, a
gate msulating film and a gate electrode comprising:

a channel, a drain and a source are formed i1n the semi-
conductor layer, 10

the channel has a channel length and a channel width,

a LDD (Light Doped Drain) 1s formed between the
channel and the drain or between the channel and the

source,

the LDD including a first LDD area, which 1s formed at .
a center of the LDD in the direction of the channel
width, and a second LDD area, which 1s formed at an
edge of the LDD 1n the direction of the channel width,

wherein a width of the second LDD area in the channel
length direction 1s bigger than a width of the first LDD
area 1n the channel length direction.

2. The thin film transistor according to claim 1,

wherein the width of the second LDD area 1n the channel
length direction 1s two times or more of the width of the
first LDD area in the channel length direction. 55

3. The thin film transistor according to claim 1,

wherein the width of the second LDD area 1n the channel
length direction 1s three times or more of the width of
the first LDD area in the channel length direction.

4. The thin film transistor according to claim 1, 10

wherein the width of the second LDD area in the channel
width direction 1s bigger than the width of the first LDD
area 1n the channel length direction.

10

5. The thin film transistor according to claim 1,

wherein the width of the second LDD area in the channel
width direction 1s V4 or less compared to the width of
the semiconductor layer 1n the channel length direction.

6. The thin film transistor according to claim 1,

wherein the thin film transistor 1s used i1n a pixel of a
liguid crystal display device.

7. The thin film transistor according to claim 1,

wherein the thin film transistor 1s used in a driving circuit
in a liguid crystal display device.

8. The thin film transistor according to claim 1,

wherein the thin film transistor 1s used in a pixel of an
organic ELL display device.

9. The thin film transistor according to claim 1,

wherein the thin film transistor 1s used 1n a driving circuit
in an organic EL display device.

10. A liquid crystal display device comprising pixels and

a driving circuit,

wherein each of the pixels includes the thin film transistor
defined by claim 1.
11. A liguad crystal display device comprising pixels and

a driving circuit,

wherein each of the pixels and the driving circuit includes
the thin film transistor defined by claim 1.
12. An organic EL display device comprising pixels and

a driving circuit,

wherein each of the pixels includes the thin film transistor
defined by claim 1.
13. An organic EL display device comprising pixels and

a driving circuit,

wherein each of the pixels and the driving circuit includes
the thin film transistor defined by claim 1.
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